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Abstract 
Background: Sedentary behavior carries the risk of musculoskeletal problems, 
especially in the lumbosacral region of the spinal column.  According to modern 
lifestyle, this has begun to be a public health issue. 
Objective: To point to the health risks of working at the computer and present an 
ergonomic analysis of the typical and improved position of workers in front of the 
computer, thereby reducing the chances of emergence occupational diseases. 
Results:  Changing the position of the subjects led to a change in lumbar pressure 
from 2,818 N/m2 to 351 N/m2. Software analysis of the changed position 
indicates that this position is acceptable, both for the lumbosacral region of the 
spine and for the abdominal muscles.  
Conclusions:  A change in body position will decrease lumbar moment and the 
load on the lumbosacral region of the spine. Work chair with lumbar support, the 
right desk height, setting the appropriate position of the monitor, selecting the 
optimal keyboard and mouse, dividing the workspace into appropriate zones, as 
well as changing lifestyle and habits should be part of the management of people 
who spend most of their working time in a sitting position. 
 Keywords: Ergonomics, Sitting position, Prevention, Software 
1. Preparation  
Occupational diseases caused by inappropriate working position of the body present one of the biggest 
problems of modern medical practice. It is estimated that up to 60% of the population suffer from low back 
pain, with many cases directly related to inadequate posture or poor seat design. Spending 8 to 15 hours a day 
in sitting position is related to back and neck pain [1]. Practice shows that among people who have acute 
lower back pain, in up to 30% they will develop chronic pain [1].  Pain in the lumbosacral region of spine is 
divided into acute, subacute (4 to 12 weeks) and chronic (duration more than 12 weeks) type [1].   Spine 
sprains and strains are the most common cause of acute pain. In addition, intervertebral disc degeneration, disc 
herniation or rupture, spondylolisthesis, radiculopathy, pathological changes in the musculoskeletal system, 
along with spinal canal stenosis or trauma present other causes of acute pain.  The prevalence of chronic pain 
in the lumbosacral part of the spine has increased over 100% in the last decade, and this trend is projected to 
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continue to grow [1,2]. In 95% of cases, the problem lies in the involvement of the spinal roots (L4-L5, L5-
S1). The risk of back pain is related to age, profession (focus is placed on professions in which people are in 
seated position because that carries the risk of developing disc damage and back pain), as well as body 
posture. Body posture pathology can have anatomical and functional causes. Working position and inadequate 
lifestyle lead to changes in the musculoskeletal system, which affects not only the health of individuals but 
also the quality of the work process. Given that obesity is most often accompanied by a sedentary lifestyle, the 
presence of obesity further complicates this problem.   
Musculoskeletal pathology or musculoskeletal disorders are one of the biggest problems in the working 
population, and the most common cause of disability [3,4].  Musculoskeletal disorders most commonly occur 
in workers who have excessive repetition, awkward postures and heavy lifting [5]. The modern world and 
modern businesses have are most often done in sitting position [6].  Office workers are in a sitting position for 
about two-thirds of their working hours [7].  Daneshmandi et al. state that neck, lower back and shoulder 
symptoms were the most prevalent problem among office workers [7].  The increasing occurrence of these 
problems in modern man has led to the development of the term sedentary behavior, which is a public health 
issue [8].  Sedentary behavior is defined behavior in which no more than 2 Metabolic Equivalent Tasks 
(METs) are spent [9].  Although this definition is subject to variation, this behavior is essentially a behavior 
that does not lead to excessive consumption of metabolic energy. It presents a risk factor for the individual, 
and prevention with physical activity can have a positive effect on the quality of life (physical, psychological 
and social health and the overall health of an individual) [10].   Pronk et al. stated that prolonged sitting is 
associated with a higher risk of premature mortality, chronic diseases such as cardiovascular disease, diabetes 
mellitus, cancer, metabolic syndrome and obesity [11]. It is necessary to take into account the ergonomic 
principles when designing a workplace with a computer, thus realizing the humanization of work, and poorly 
designed ergonomics for computers is one of the most significant causes of musculoskeletal problems [12].   
The working position must allow the position to be changed within the limits to which the worker re-
distributes the mass during work, without changing his general working position. Musculoskeletal symptoms 
have been shown to be associated with prolonged use of the computer, but the real prevalence is very difficult 
to assess because often these symptoms are unreported [12].     
Considering that these problems recur from day to day, for a longer period of time, and are treated 
symptomatically, most often by analgesics. This lifestyle and this occupational disease lead to musculoskeletal 
disorders and the onset of chronic pain, which is difficult for occupational medical treatment, and present also 
a problem for the organization itself and for the individuals who are unable to perform business activities. 
Prevention of health problems begins in an adequate working environment as well as ergonomic redesign of 
chairs in desks, with the recommended ergonomic principles, adequate position of the body, intermittent 
physical activity during working hours and with adequate diet and exercise, along with outside working 
activities. It is imperative to emphasize that the prevention of chronic pain and lumbosacral syndrome is based 
on the correction of postural problems, which emphasize new ergonomic solutions that should have gain its 
place in the everyday working community. 
2. Aim 
To present the ergonomic analysis of the office worker's workplace while working in front of a computer 
screen and to determine solution for improving working conditions and prevention of musculoskeletal 
disorders. 
3. Methods 
Article presents an ergonomic analysis performed in the CATIA software package (Dassault Systèmes, 
Vélizy-Villacoublay, France). In research, The RULA Assessment Tool was used to analyze and interpret 
proposed solution (score 1-2 -green color - negligible risk, no action required; score 3-4 - light yellow - low 
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risk, change may be needed; score 5-6 - yellow - medium risk, change soon; score> 6 - red color - very high 
risk, implement change needed). 
4. Results 
In order to analyze the load in the lumbar region during raising and lowering the patient, a nurse model of 
body weight 62 kg, height 170 cm and 30 years of age was created (Fig. 1). A patient that is lifted from the 
wheelchair of 50 cm in height was modeled to be 70 kg of body weight, as shown in Fig. 2. 
4.1. Biomechanical analysis 
Using the CATIA V5 – R18 software (Dassault Systèmes, Vélizy-Villacoublay, France), an appropriate model 
was designed. The basic characteristics of an office worker are: female, age 35, height 168 cm and weight 75 
kg. The typical, but apparently disadvantageous working position, shown in Fig. 1, was analyzed in CATIA 
biomechanical module and RULA analysis. 
   
Figure 1. CATIA computer model and typical body position of the worker 
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Figure 2. Biomechanical analysis of the typical body position: (a) Reaction forces and moments; (b) Segment 
positions 
 
Figure 3. Summary of the biomechnical analysis the typical body position 
To calculate the biomechanical stress of the worker, the lumbar spine (the disc between the 4th and 5th lumbar 
vertebra - point L4/L5) is taken as the critical body size. Studies have shown [13] that intra-abdominal 
pressure increases depending on the increase in lumbar momentum, the magnitude of which can be expressed 
by the regression equation:  
                                  [kPa] (1) 
with the regression correlation coefficient of r = 0.7. 
Taking into account the result of biomechanical analysis of the typical body position which showed that the 
moment in the lumbar zone L4/L5 ML = 155 kg, we obtain that 
                                     [kPa] (2) 
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The calculated value of abdominal load can be used as an index of spinal load in actual working conditions. In 
this case, this value is extremely unfavorable for the worker, especially in cases of prolonged exposure to the 
said load. Due to the unfavorable position of the body and the stated intensity of the load, the corresponding 
reactions occur both in the muscles and the skeletal system, and especially in the abdominal space, which 
responds with an increase or decrease in internal pressure. This pressure acts upward on the diaphragm, and 
downward on the bottom of the pelvis, while forward it acts on the abdominal muscles and on the back on the 
spine and lumbar muscles. The calculated lumbar torque value can be used to determine the appropriate 
reactive force in the abdominal cavity. 
4.2. RULA Analysis 
A RULA analysis was performed for the specified worker position (Fig. 4). 
  
Figure 4. RULA analysis of the typical body position 
We note that the result of the RULA analysis for this position is unfavorable to the worker, with the Final 
Score of 7 (red color) and the message ‘Investigate and change immediately’. 
4.3. Redesigned workspace 
There are a number of ways we can improve work postures like this. We can make these improvements based 
on the results of the mechanical load obtained for the previously mentioned work position, all with the aim of 
keeping the worker in the most convenient position. We also aim to increase worker productivity, which 
increases productivity for the entire company. However, under the real conditions that prevail for such a 
workplace, the most appropriate solution to relieve workers is to improve body posture and move the target 
muscle groups instead of the muscles individually. In this regard, 6 steps are recommended that contribute to 
an improved position at work, that is, to reduce the burden on workers. These include: selecting the right 
ergonomically friendly work chair with lubmar support, selecting the right work desk height (73 cm +/- 2.5 
cm), setting the appropriate position of the monitor (at angle of 10-20 degrees), selecting the optimal keyboard 
and mouse, division of work space into appropriate zones, as well as changing lifestyle and habits. 
An example of a favorable and less damaging work position for workers, for which a load analysis was also 
made, is given in Figure 5. 
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Figure 5. Optimized workspace and body position 
5. Biomechanical and RULA analysis of the improved body position 
Biomechanical and RULA analysis was performed for the advanced position of workers, whose results are 
shown in Fig. 6. 
 
 Fig. (b) 
Figure 6. Biomechanical analysis of the improved body position: (a) Segment positions; (b) Reaction forces 
and moments 
Fig. (a) 
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As can be seen, the results of the analysis show a significant improvement in all segments. This is also 
reflected in the calculated torque in the L4-L5 zone, which is now significantly reduced from the previous 
position (Fig. 7). 
 
Figure 7. Summary of the biomechnical analysis of the improved body position 
Considering the result of biomechanical analysis of the improved body position that I showed that momentum 
is in the lumbar area L4/L5, ML = -3 kg, we get 
                                      [kPa] (3) 
The calculated value of the abdominal load is now substantially reduced and is fairly favorable for workers. 
 
Figure 8. RULA analysis of the improved body position 
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We note that the result of the RULA analysis for the improved body position is now favorable to the worker, 
with the Final Score of 2 (green color) and the message ‘Investigate and change immediately’. 
6. Discussion 
The analysis of the most common position clearly indicates the impact on the pathological changes of the 
lumbosacral region of the spine. An ergonomic analysis of our solution indicates the benefit of a favorable 
position, both on the lumbosacral part of the spine and on the reduction of intrabdominal pressure, which also 
has the benefit of overall health status. This analysis indicates the need for an adequate working environment 
that would preserve the patient's health status, as well improve quality of work output. The focus should also 
be placed on intermittent exercises and rising from a sitting position, which will further improve the patient's 
health status.  
Ergonomic analysis has benefits in a real environment. Chau et al. in their sample indicated that 42% of men 
and 47% of women spend an average of 6.3 of their 8-hour shifts in sedentary and sitting jobs having 
problems with the musculoskeletal system [14]. Cramer et al. state that habitual postural patterns are 
associated with musculoskeletal pathology, and that correcting this position leads to improved clinical 
presentation [15]. Lis et al. state that low back pain is associated with awkward posture [16]. With 
development of technology, this problem will be bigger and bigger, and it will surely will get epidemic rate 
[17]. The imperative must be on prevention. Successful management of occupational musculoskeletal 
pathology in in improving workplace conditions (ergonomics and work practices), psychosocial factors, 
diagnostic uncertainties, and the need for active modalities (exercises and a progressive increase in activities 
of daily living), rather than passive (bed rest and traction) [18]. 
Strengthening of the abdominal muscles is an additional effective modality that would also lead to the 
strengthening of the lumbosacral part of the spine. Even in acute pain, treatment should not be exclusively 
medicamentous, and identification of ethiological causes should be aim of diagnostic approach. Ergonomic 
analyzes highlight the importance of an adequate working environment and adequate equipment. Although 
more adequate solutions are more expensive, the long-term benefit is immeasurable..  
7. Conclusion 
A change in body position will decrease lumbar moment and the load on the lumbosacral region of the spine. 
Work chair with lumbar support, the right desk height, setting the appropriate position of the monitor, 
selecting the optimal keyboard and mouse, dividing the workspace into appropriate zones, as well as changing 
lifestyle and habits should be part of the management of people who spend most of their working time in a 
sitting position. 
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